Introduction
Knowledge about demographic changes is important for policymaking as it illustrates the age-and gender-distribution of a country's population, and reflects fertility and longevity. In the Nordic countries (Sweden, Norway, Iceland, Denmark and Finland), the ageing population poses a great challenge for the traditional social welfare state, due to the increasing old-age dependency ratio and the pressure it puts on the health and long-term care systems [2] .
The Nordic countries are known for their similarities, shaped by a shared history, which has led to common traditions and norms. They also have comparable climates and political systems, characterized by welfare states with universal healthcare systems [4] . Yet, there are differences between the countries, for example in terms of general public health policies and the organization of care work for older people [5, 6] . Social policies in the Nordic countries support longevity, economic security, and limit social exclusion among the older segment of the population [7, 8] .
Detailed cross-country comparisons could contribute with novel insights into the conditions and mechanisms that have generated potential differences in longevity, and in the composition of the older segment of Nordic populations. Given the similarities between the countries, such comparisons could provide important information about the potential to improve longevity also in old age. Thus, the overarching aim of this study is to investigate the dynamics of population ageing in the Nordic countries. We will do this by analysing the development of three metrics of population ageing for each of the five Nordic countries, during the period 1990-2014: (a) the proportion of people aged 75+ and 90+ years; (b) the proportion of birth cohorts reaching age 75 and 90 years; and (c) LE at age 75 and 90 years. These aims cover three related aspects of population ageing over the last 25 years. The proportion of older people provides information about the age structure of the Nordic populations. The proportion of birth cohorts that reach old age provides information on the real life longevity of the cohorts that reached old age during the study period. LE in old age provides a summary measure of the mortality in the old age population during the study period. The two latter metrics (proportion that reach old age and LE in old age) furthermore contribute to the explanation of the development of the proportion of older people in the Nordic countries during the study period. The specific ages 75 and 90 years were selected as these represent the ages for which elderly care services are planned (75+ years) and the rapidly emerging "oldest" old group (90+ years).
Data and methods
Information about the age and gender distributions of the populations in Sweden, Norway, Iceland, Denmark, and Finland during the period 1990-2014 were collected from the countries' national statistical databases (http://dst.dk/; http://www.scb.se/; http:// www.ssb.no/; http://www.statice.is/; http://www.stat. fi/). Data on LE were collected from period life tables for the period 1990-2012, and the proportions of males and females that reached 75 and 90 years in the cohorts born between 1900 and 1921 (age 75 years in 1975-1996 and age 90 years in 1990-2011) were collected from cohort life tables, available from the Human Mortality Database (http://www. mortality.org/). The cohort life tables show the birth cohort specific probabilities of death each year. The calculation is exact when there is no migration, but it is also reasonably approximate in most situations where the direction and magnitude of migration are the same for those who die and those who stay alive [9] . A decomposition technique was used to estimate the contribution of change in mortality of different age groups to the total differences in LE at age 75 years between 1990 and 2012 [10] . The age decomposition is the sum of the direct, indirect and interaction effect. The direct effect is the number of years an age group adds to LE due to change in mortality rates between x and x + n. The indirect and interaction effects are the years added from those extra survivors between x and x + n when they meet new mortality conditions [11] .
results

Proportions of people aged 75+ and 90+ years
From 1990 to 2014, all the Nordic countries experienced an increase in the numbers of males and females aged 75+ and 90+ years (Table I and Figure  1 ). Sweden had the greatest proportion of males aged 75+ and 90+, and females aged 75+ (until 2008) and 90+ years throughout the study period. Iceland had the lowest proportion of males and females aged 75+, and females aged 90+ years throughout the study period. In 1990, Iceland had the same proportion of males aged 90+ years old as the other countries, but was the country with the lowest proportion in 2014.
All countries experienced increases in the proportion of 90+ year olds, while the pattern for the 75+ year olds differed between the countries (Figure 1 and Appendix Table A1 ). The proportions of females aged 75+ years increased during the whole period in Finland and Iceland, whereas the proportions were stable, or even decreased, during the past decade in Sweden, Denmark and Norway. Furthermore, Finland had notably steep increase in the proportions of males and females aged 75+ and 90+ years during the study period.
Proportion reaching 75 and 90 years
There were great differences in the proportion reaching old age between the Nordic countries (see Figure 2 and Appendix Table A2 for the corresponding numbers). In the most recent birth cohort, the probability for males reaching age 75 years was highest in Iceland (52%) and lowest in Finland (30%). For females, this probability was highest in Norway (68%) and lowest in Finland (57%). Sweden had the highest proportion of males (12%) and females (25%) that reached 90 years, whereas the proportions were again markedly lower among Finnish males (6%), and Finnish females (20%) as well as for Danish males (8%) and females (19%).
The proportion of birth cohorts reaching old age increased in the more recent born birth cohorts in all countries, but at a slower pace in Denmark. Finnish females in the earliest cohorts were lagging behind the other counties, but the most recent birth cohorts caught up with Danish females. All birth cohorts of Finnish males kept lagging behind the other countries. 
Life expectancy at the ages of 75 and 90 years
LE at age 75 and 90 years for both males and females increased at similar pace in all countries during the study period, except for Icelandic males aged 90 years; who experienced a reduction in LE. Males and females in Finland and Denmark had the lowest LE throughout the period, although these differences were minor (Figure 3 and Appendix Table A3 for the corresponding numbers). Icelandic males and females had the lowest absolute increase in LE at age 75 and 90 years (males: 75:1.8 years, 90:-0.3 years and females: 75:1.0 years, 90:0.3 years). Finnish males had the largest increase at age 75 (2.6 years) and 90 (0.4 years) years, and Finnish females had the largest increase at age 75 years (2.7 years), whereas Danish females had the largest increase at age 90 years (0.7 years). The increases in male LE at age 75 years from 1990 to 2012 were driven mostly by decreasing mortality in the youngest age group (75-79 years) (Table  II) . For females, decreasing mortality in the two youngest age groups (75-79 and 80-84 years) contributed equally to the increase in LE. The increase in LE at age 75 years among Icelandic females and males was greater than for those in the other countries, driven by decreasing mortality in the 75-to 79-year-old age group, especially for females.
Discussion
All the Nordic populations experienced increases in the proportion of older people during recent decades. During the same period, the proportion of consecutive birth cohorts reaching old ages, and LE at old ages increased. Cross-country variations were especially prominent in terms of the proportions of birth cohorts that reached old age.
Similarities and differences in mortality by country
Low fertility, low immigration, and longevity are the main drivers behind the increases in the proportion of older adults in populations of high-income countries [2] . Thus, these three factors may also explain the increases and differences in the proportion of older adults in the Nordic countries. While the baby boom peaked during the Second World War (WW2) in Sweden, Norway and Denmark, it did not peak until the end of WW2 in Finland, and shortly after WW2 in Iceland [12] . This may have contributed to the lower proportion of males and females aged 75+ years in Iceland compared to the other countries during the study period. A study of fertility patterns in Sweden, Denmark and Finland has shown overall similar trends in total fertility rates from 1960 to 2005; fertility rates declined in all the Nordic countries, and reached historical low rates in the early 1970s in Finland and in the mid-1980s in the other countries [13] . Thus, low fertility rates may have contributed to the general increase in the proportion of older adults, but not to the variation between countries. The stable development in the proportion of females and males in Norway and In 1990, Sweden had by far the highest inflow of immigrants (n = 53,200) followed by lower levels in Norway (n = 15,696) and Denmark (n = 15,051) and markedly lower levels in Finland (n = 6492) (Iceland not included in the OECD statistics). From 1990 to 2014, the inflow of immigrants increased in all the Nordic countries, with the highest absolute increase in numbers to Sweden with an increase in the inflow of 52,900 (99.4%) immigrants. Norway and Denmark experienced similar increases in inflow of immigrants, with increases of 45,733 (278.6%) immigrants to Norway and 33,988 (225.8%) immigrants to Denmark. Finland had by far the lowest absolute increase in inflow of immigrants, with an increase of 17,155 (264.2%) immigrants [14] . This could indicate that low immigration does not explain the increase in the proportion of older people in the Nordic countries, yet additional analyses are needed to identify the specific influence of immigration patterns.
The ageing of the populations in all countries is partly attributable to improved survival to old age in more recent birth cohorts. This may have a number of explanations. In the past 50 years, the Nordic countries have experienced a development into modern welfare states [15] , which contribute to increased longevity. A study by Vollset in 2013 elucidated changes in causes of death in the age group 40-70 years in the period 1951-2010 in Nordic countries, which may explain some of the cross-county variation found in our study. Vollset showed that, since the 1970s for men and since the 1950s for females, there has been a notable decrease in middle-age death risk, driven mainly by decreases in deaths from circulatory diseases [15] . In line with our findings, Vollset reports that, initially, Finnish males and females had the highest middle-age death risk among the Nordic countries, and Finnish males continued having the overall highest death risk until they caught up with Danish males in the 1990s. Finnish females had the highest death risk until mid-1970s when they reached the same level as the other Nordic countries and were surpassed by Danish females [15] . The death risk for Danish females increased from late 1970s to mid1990s; thereafter, it decreased sharply. Furthermore, death risk from cancer increased both among Danish males and females in the period between 1950 and 1990 -a period where the other four countries experienced decreases [15] . Another Nordic study has implied that higher mortality from cancer in this period among Danes could be explained by late diagnoses [16] . Differences in health-related behaviours between the countries could also explain some of the differences in mortality. Using OECD data, Vollset showed that alcohol consumption generally increased in all the Nordic countries between 1960 and 2005, with the exception of Iceland where alcohol consumption has decreased since 1975 [15] . On the other hand, the proportions of smokers for both genders decreased in all countries in the period 1970-2005. Denmark had the highest alcohol consumption during the period 1960-2010, and the highest proportion of smokers during the period 1970-1990 [15] . Also, smoking prevalence was higher among all Danish female birth cohorts born between 1900 and 1950 compared to those in Sweden and Norway [17] . The lower proportion of Finns that reached old age may be explained partly by the high number of deaths during the Civil War in 1918 (n = 36,640) and during the WW2 in 1939-1945 (n = 93,017) and the related consequences on the subsequent living conditions [18, 19] . Altogether, worse health related behaviour and cancer survival in Denmark, and the consequences of war in Finland, could explain the high mortality in midlife of the birth cohorts that reached old age during the study period, and consequently also to the lower proportion of older people. LE in old age was similar across the countries and increased at a comparable pace during the period 1990-2012. Danish and Finnish males and females had the lowest LE at age 75 years, but the differences were minor. A possible explanation of the similarities in LE at old age between the countries is that living conditions and health-related behaviours in old age have been more similar throughout the study period and/or that these factors are of less importance for mortality in old age. However, the countries differed in regard to which age groups contributed most to gain in LE from 1990 to 2014; the relative impact of the age group 75-79 years was much higher in Iceland compared to the other countries. This is likely to be a consequence of the higher survival in very old age in Iceland in the beginning of the period. Given that the other Nordic countries had higher mortality in the age group 80+ years, similar absolute improvements in survival have led to greater relative improvements in these oldest age groups in the four other countries compared to Iceland.
Gender differences
Throughout the study period, the proportions of people in old age, the proportions of birth cohorts that reached old age, and LE at older ages were greater among females than males in all countries. A study in 2015 by Beltrán-Sánchez et al. of the 1800-1935 birth cohorts in 13 developed countries including Sweden, Norway and Denmark, showed that the female survival advantage emerged for cohorts born after 1880 [20] . The gender differences in mortality were concentrated mostly in the age groups 50-70 years and almost disappeared at age 90 years. The gender differences were driven mainly by a greater vulnerability towards cardiovascular diseases among males, and smoking was estimated to account for 30% of the excess male mortality [20] . During our study period, we found that the gender differences in the proportions of males and females aged 75 years and older in the population decreased in all the countries, and mostly so in Finland. In Finland, this is possibly due to the converging gender patterns of alcohol consumption and alcohol related deaths [21, 22] , and the fact that the high number of deaths during the Civil War in 1918 and WW2 led to high male mortality in the first part of the period [18, 19] .
Males experienced a greater increase in LE at age 75 than women between 1990 and 2012, in all the Nordic countries except Finland. The increases in male LE were driven mainly by decreasing mortality in a narrower age group (75-79 years) than the increases in female LE (75-84 years). This may be a result of males' greater potential for improving survival at younger ages due to their greater mortality in the beginning of the period. The observed decreases in the gender gap in LE at age 75 years in our study are in line with results from a study of the development in gender gap in LE at age 65 years in 17 countries (including Denmark, Norway, Sweden and Finland) in the period 1751-2007 [23] . The latter study identified three phases of development that most of the countries went through: (a) less than 1 year advantage in LE among females and a generally short life span; (b) increase in female advantage in LE; and (c) the gender gap in LE stopped increasing and started to decrease. The timing of the phases differed between the countries, but the third phase (c) characterised by a decrease in the gender gap in LE, led up to the first half of our study period [23] . The gender differences in LE in 53 countries in the period 1955-2009 have been shown to be explained by smoking, biological factors (defined by the authors as 'natural basis of gender-difference in LE') and other non-biological factors (the part not explained by smoking and biological factors). According to the study, both the magnitude of, and change in, the gender gap in LE in Finland could be attributed to smoking patterns. In Iceland and Sweden, other nonbiological factors predominantly drove the magnitude and trend of the gender gap. In Denmark and Norway, other non-biological factors primarily drove the size of the gender gap, but smoking drove the trend. In all the countries, the impact of smoking decreased during the period [24] .
Policy implications
The observed low proportion of Danish and Finnish birth cohorts that reached old age emphasize the need for Danish and Finnish policymakers to identify and intervene on factors that may have led to this unfavourable development (e.g. policies on alcohol consumption and smoking and quality of healthcare services). Notably, despite the differences in the likelihood of reaching old age, LE at old age did not differ markedly between the countries. Thus, policymakers can note that it does not seem to be at the expense of the general health of older populations that a larger proportion of Swedes, Norwegians and Icelanders reach old age compared to Danes and Finns.
conclusion
During the last decades, all the Nordic populations have experienced an increase in the segments of people in older age groups. At the same time, the proportion of consecutive birth cohorts reaching old age, and LE at old ages have increased. However, there were some cross-country variations between the Nordic countries, especially in terms of the proportions of birth cohorts that reached old age. Finnish males and females initially lagged behind the other countries, but Finnish females became more similar to the other countries during the study period, whereas Finnish males kept lacking behind. On the other hand, Danish males and females started out similarly to the other countries, but then had a more unfavourable development, where those in the most recent birth cohorts had a lower likelihood of reaching old age than those in the corresponding cohorts in the other countries.
